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Introduction
Cataract surgery is the most commonly performed operation in the National Health Service (NHS) and the number performed annually has increased from 105 000 in 1990 1 in the UK, to 287 000 in England during 2005-2006. 2 This marked improvement in throughput and efficiency has been made possible by the almost universal switch to day case phacoemulsification surgery under local anaesthesia (LA). The use of local anaesthetic techniques has risen from 46% in 1990 1 to 86% in 1997 3 and 96% in 2003. 4 There have also been major changes in the local anaesthetic techniques used, with peribulbar and retrobulbar being used in 65.6 and 16.9% of cases, respectively, in the 1996 5 survey, falling to 30.6-47.7 and 0.8-3.5%, respectively, in 2003; 4, 6 subtenons anaesthesia increasing from 6.7 to 16.8-42.6% and topical anaesthesia increasing from 2.9 to 9.9-33.3% over the same time period. [4] [5] [6] The use of sedation with local anaesthesia (LA) has fallen from 6% in 1996 5 to 3.9% in 2003. 4, 6 Day case ophthalmic surgery under LA has been shown to be safe [7] [8] [9] and is associated with the least disruption to the patient's normal daily activity. 9 , 10 The choice of anaesthesia depends on a number of factors, including patient psychology, the particular features of the globe and the orbit, the anticipated surgical difficulty and the experience of the operating surgeon. Ocular anaesthesia may be complicated by both ophthalmic and systemic factors. There have been reports of potentially life-threatening events, including brainstem anaesthesia, dysrhythmias and cardiovascular depression. 8, [11] [12] [13] [14] [15] The National Survey of Local Anaesthesia for Ocular surgery in 1996 estimated the incidence of potentially lifethreatening events to be 3.4 per 10 000 11 cases, though this was thought to be an underestimate of the true rate. In addition, there have been many documented cases of needle trauma to structures within the orbit during LA, some of which have caused significant loss of vision. 4, 11, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Most of these adverse events have been reported with sharp needle techniques (retrobulbar and peribulbar anaesthesia); 4, 11, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] however, there have been no large randomised controlled trials to compare the safety of different local anaesthetic techniques.
Detailed record keeping is a prerequisite for clinical governance and audit, but few hospital ophthalmology departments have invested in the necessary information technology infrastructure to prospectively collect the Cataract National Dataset as a by-product of normal clinical care. Consequently few surgeons, anaesthetists, managers, purchasers of health care, or patients have a detailed knowledge of the outcomes associated with the use of LA. 6 This situation falls short of expected professional standards outlined in the NHS plan, 28 a government initiative to improve the NHS.
The primary aim of this study was to examine anaesthetic techniques and complications of cataract surgery in a large sample of operations performed in the UK and to update benchmark standards of clinical care.
Methods
The methods employed in this study have been described in detail in the first paper in this series. 29 Briefly, NHS Trusts using electronic patient record (EPR) systems for routine cataract surgery were invited to submit data for analysis. Following appropriate consents, data were extracted in an anonymised form such that all patient identifiers were stripped out, and hospitals and health-care professionals were pseudo-anonymised. Extracted data were assessed for conformity with the Cataract National Dataset 30 in terms of format and completeness within the Royal College of Ophthalmologists Dataset Working Group (chaired by JMS). Data from 12 Trusts using a single EPR system (Medisoft Ophthalmology, Medisoft Limited, Leeds, UK) were deemed of sufficient quality for analysis and these data form the basis of these series of reports.
Information on the professional group and grade of the person administering the anaesthetic, anaesthetic technique, anaesthetic and sedative drugs, and anaesthetic complications was available. Either the anaesthetist or operating surgeon could complete the anaesthetic data collection fields. To balance completeness, speed and accuracy of data entry, the Medisoft EPR allows some fields to be defaulted for individual surgeons or anaesthetists (eg grade, anaesthetic technique, usual drugs used), but a compulsory choice must be made each time the anaesthetic complication field is completed. In earlier versions of this software, the anaesthetic complications field was not available for topical/intracameral local anaesthetic techniques and it was not possible to record a complication of topical/intracameral anaesthesia. This therefore limits our ability to comment on complications of topical anaesthesia and we have therefore excluded topical and topical/intracameral anaesthesia from the analysis of complications. For the purpose of this report on LA for cataract surgery, complications were defined by the authors as serious if they were considered to be potentially life threatening (systemic) or sight threatening (ocular/orbital), and minor if worthy of recording but not in the serious category. Statistical analysis was performed in Microsoft Excel and Stata.
Results
Twelve NHS Hospitals and 406 surgeons submitted data for this study on 55 567 cataract operations undertaken between January 2001 and July 2006. No anaesthetic data were available for one case. Completeness of data entry of the anaesthetic fields for the remaining operations was at or above 98.2%, with the exception of the local anaesthetic complications field where it was 100% for cases performed under sharp needle (retrobulbar, peribulbar, subconjunctival, or combinations of these) and subtenons cannula anaesthesia, but was of unknown completeness for cases performed under topical and topical/intracameral anaesthesia (see Methods). Overall, 53 043 (95.5%) of operations were performed using local anaesthetic techniques and 4.5% under general anaesthesia. The percentage of operations and variation by site of each local anaesthetic technique are listed in Table 1 along with the professional group of the person administering the anaesthetic and their grade. Overall, anaesthesia was delivered by a consultant on 62.1% of Local anaesthetic complications of cataract surgery N El-Hindy et al occasions. Sedation, in addition to LA, was used in 1.4% of cataract operations.
Following exclusion of topical/intracameral technique, there were 38 058 cases of LA for which robust data on complications were available. Among these, no complications were seen in 95.6% of cases. One or more minor anaesthetic complications were documented in 1635 eyes (4.30%) and serious complications in 25 eyes (0.066%) (Tables 2 and 3) . Complication rates were similar for the various professional groups and grades of doctors delivering LA. The most commonly recorded minor complications were conjunctival chemosis (2.03%) and subconjunctival haemorrhage (1.99%). Serious systemic complications included atrial fibrillation (two cases), bradycardia (eight cases), intravascular injection (one case) with serious orbital/ocular complications, including peribulbar/retrobulbar haemorrhage (twelve cases) and suprachoroidal haemorrhage (two cases). One case of globe perforation was documented but the anaesthetic technique for this eye was recorded as being topical anaesthesia. There must, therefore, have been a data input error into the EPR, either in the anaesthetic technique field or in the complication field precluding further analysis of this complication. Of the 'serious' complications, 13 occurred during 11 134 cases undergoing peribulbar or retrobulbar anaesthesia and 12 during 26 045 cases undergoing subtenons anaesthesia (Table 4) .
Comparison between sharp needle vs subtenons cannula LA revealed a statistically significant 2.5 times (P ¼ 0.026; Fishers exact test) increased risk of sustaining a 'serious' complication (ocular, orbital, or systemic) with sharp needle techniques. This included a significant 4.6-fold (P ¼ 0.009) increased risk of sustaining a peribulbar/ retrobulbar haemorrhage with sharp needle modalities compared with subtenons techniques. For minor complications, the opposite was observed, there was a significant 2.3-fold increased risk (Po0.001; w 2 test) of a minor complication with subtenons compared with sharp needle techniques.
Discussion
This large audit surveyed anaesthesia for 55 567 cataract operations performed between January 2001 and July 2006 (missing anaesthetic data for one operation). The vast majority of cases (95.5%) were performed using LA without sedation, with subtenons LA being the most The study may not be fully representative of UK practice as a whole, because only departments that were using the Medisoft EPR system were able to provide data of appropriate format and completeness within the tight time frame of the study. It is possible that these units may take a particular interest in their cataract care pathway and techniques. A 2003 postal survey of all UK consultants indicated that 96% of cataract surgery was carried out using LA, comprising 34% sharp needle, 43% subtenons, and 21% topical/intracameral. 4 The present study similarly found that almost 96% of cataract surgery was performed under LA, but with lower rates of sharp needle (19.5%) and higher rates of subtenons (46.9%) and topical/intracameral (27%) techniques. The authors consider that the most likely explanation for the difference between this study and the 2003 survey is a continued trend away from sharp needle techniques, as 86% of data in this study were collected between January 2004 and July 2006.
Data on complications were complete (100%) for 38 058 sharp needle and subtenons cannula techniques, with low complication rates reported for each. The overall rate of 4.36% for 'any minor or serious' problem was similar to that recorded in the 1996 prospective survey of LA complications. 11 However, the present study found fewer reports of 'serious' complications (sight threatening or life threatening) than we would have expected from the literature. Although recording of complications was 100% for sharp needle or subtenons cannula anaesthesia, it is still possible that some serious complications were missed. There are several possible ways in which an underreporting bias may have arisen. At some centres, the anaesthetist completes the anaesthetic fields on the EPR immediately after the anaesthetic, but at other sites these details are entered by the surgeon only after surgery has been completed. In the latter situation, there is the potential for complications not to be communicated to the surgeon or to be forgotten by the surgeon at the time of data entry. Alternatively, where the anaesthetist completes the record prior to surgery a complication may only come to light during or after surgery and may thus be missed off the record. Some clinicians may consider certain minor complications of LA as trivial and these may therefore not be recorded. Some serious complications (eg globe perforation) may not be noticed until some time after the surgery, by which time the EPR will already have been completed. If a 'life-threatening' complication such as brainstem anaesthesia has occurred, an EPR might not be completed if the team is busy transferring the patient to intensive care, or if the operation was not commenced. Underreporting bias is a feature of all large studies of LA safety but data capture for anaesthetic complications of sharp needle and cannula anaesthetic techniques was 100%, which at least Statistically significant differences in rates of 'any complications' were found between the subtenons and peribulbar groups and also between subtenons and 'any sharp needle technique' (w 2 tests, Po0.001 for both comparisons).
Local anaesthetic complications of cataract surgery N El-Hindy et al confirms that the users of the EPR had made an active decision every time this compulsory field was completed.
Minor complications were uncommon overall (4.30%), with conjunctival chemosis (2.03%) and subconjunctival haemorrhage (1.99%) being the most frequently recorded (Table 2) . A degree of subconjunctival haemorrhage is likely with all sharp needle or subtenons cannula anaesthetic techniques and hence a higher rate of these minor complications might be expected. It is likely that users of the EPR only choose to record the presence of minor anaesthetic complications when they are more prominent than might normally be expected for that technique. Minor complications arose significantly more frequently with subtenons cannula techniques (5.32%) when compared to peribulbar (1.82%) or 'any sharp needle technique' (2.29%; Table 3 ). This observation is unsurprising since the larger incision and unavoidable conjunctival trauma involved in subtenons cannula placement make superficial (subconjunctival) haemorrhage more likely in comparison with sharp needle entry.
Serious complications were noted in 25 cases (0.066%; Table 4 ). This confirms the previously widely held view that serious adverse effects of sharp and cannula LA are very rare. In this series, one serious complication (globe perforation) was documented under topical anaesthesia but this must be an input error into the EPR with either the anaesthetic technique or complication being entered incorrectly, making further analysis of this complication impossible. Serious complications occurred in 12 of 26 045 cases of subtenons anaesthesia, and in 13 of 11 134 cases of peribulbar/retrobulbar anaesthesia, representing a 2.5 times higher risk (P ¼ 0.026) of a serious complication with sharp needle blocks. Peribulbar/ retrobulbar haemorrhages were the main contributors to this effect, arising 4.6 times more frequently (P ¼ 0.009) with sharp needle techniques. As with other papers in this series, caution should be observed where statistical significance is borderline since an unknown number of subjects will have contributed two eyes to the analysis.
A prospective randomised controlled trial to directly address a comparison of the safety profile of the various local anaesthetic techniques has never been carried out. The number of patients required to reach statistical significance would be so large that it is unlikely that such a trial would ever be performed. A large observational study such as this is however able to provide some insights into this question using outcome-based research methodology 31 and these results accord with what might intuitively be expected. This study therefore adds further weight to the view that sharp needle anaesthetic techniques should be reconsidered for routine cataract surgery due to an increased risk of rare but serious complications.
This study demonstrates the ability of a specialtyspecific EPR system to collect the Cataract National Dataset as a by-product of normal clinical care and to continuously, prospectively and rapidly audit service trends and rare complications of LA for cataract surgery. With modest information technology investment, NHS eye departments could deliver detailed audit and clinical governance as outlined in the NHS Plan. 
